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CASE REPORTS
Aortic rupture after spinal correction for scoliosis
in the presence of a thoracic stent graft
Kevin Mani, MD, PhD,a Matti Rantatalo, MSc,b Anders Bjurholm, MD, PhD,c Stefan Thelin, MD, PhD,d
Lars-Gunnar Eriksson, MD, PhD,e and Anders Wanhainen, MD, PhD,a Uppsala, Sweden
Corrective surgery for scoliosis often results in a lengthening of the spinal column and relative change of the position of
the adjacent anatomical structures such as the aorta. The extent of these anatomical changes could be affected by the
presence of a rigid aortic stent graft in the descending thoracic aorta. We present a case of aortic rupture after spinal
correction for scoliosis in a 56-year-old female with a thoracic aortic stent graft. Extensive elongation of the aorta with
concentration of the stress forces at the lower margin of the stent graft resulted in a weakening of the aortic wall and
subsequent rupture. ( J Vasc Surg 2010;52:1653-7.)Since the introduction of stent grafts for treatment of
thoracic aortic disease in 1994, the use of these devices in
the various aortic pathologies has increased dramatically.1
Although thoracic stent grafts are often implanted in el-
derly patients with degenerative aortic aneurysms, the use
of this technique for aortic transections and dissections, as
well as Marfan patients, results in an increasing number of
young patients with thoracic stent grafts in the society.2,3
Thoracic stent graft treatment of these diseases has excel-
lent results in the short- and medium-term compared with
open surgery. However, long-term data are lacking and,
therefore, potential long-term risks of patients with aortic
stent grafts have not been defined.4
Young patients with thoracic stent grafts may later in
life undergo surgery in structures adjacent to the aorta, eg,
surgery of the column. Spinal deformity is present in 5% to
10% of the adult population and may require operative
treatment in case of large columnar curves and symptoms
(primarily back pain and radiculopathy).5 The operation
often results in a marked lengthening of the spinal column
that may affect adjacent anatomical structures such as the
aorta and its branches. In this report, we present a case of
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correction for scoliosis in a patient with a thoracic aortic
stent graft. The mechanism for rupture was elongation of
the aorta in the segment below the thoracic stent graft, with
a resultant weakening of the aortic wall and subsequent
rupture. To analyze the effect of the elongation forces on
the aorta and the mechanism for rupture, a generalized
stress analysis simulation was performed of a model of a
stent graft treated aorta.
CASE REPORT
A 56-year-old woman with a history of surgery for a traumatic
diaphragmatic hernia after a major car accident 30 years earlier was
assessed for operative treatment of progressive spinal deformity
due to idiopathic kyphoscoliosis. Preoperative computed tomog-
raphy (CT) imaging revealed the presence of a 45 mm saccular
thoracic aortic aneurysm, which was morphologically deemed to
be caused by a previous traumatic aortic rupture that had occurred
in conjunction with the previously mentioned trauma (Fig 1). It
was determined that the aneurysm should be treated prior to
scoliosis surgery due to the risk for rupture in case of manipulation
of the column. The aortic diameter was 24 mm proximal to the
aneurysm, and 20mm at the estimated distal landing zone. A 28
150 mm Gore TAG (Gore Medical, Flagstaff, Ariz) stent graft was
inserted percutanously and placed in the aortic arch and descend-
ing aorta distal to the left carotid artery after the completion of a
left carotid artery to left subclavian artery bypass and proximal
occlusion of the left subclavian artery with a 14 mm Amplazer
vascular plug (AGA Medical Corporation, Plymouth, Minn). The
proximal sealing zone was 20 mm. Postoperative follow-up with
ultrasound control of the bypass at 1 month and aortic CT scan at
4 months showed adequate result of the treatment. The aneurysm
sac was excluded with reduced diameter compared with preopera-
tive imaging, and there was no sign of endoleak. Five months later,
the patient was operated with posterior spinal correction for a
70-degree thoracolumbal kyphoscoliosis. Although the correction
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omy, the final spinal lengthening was 7 cm (Fig 2). The patient had
an uneventful recovery and was discharged, but returned to hos-
pital after 6 weeks due to chest pain and cough. Thoracic CT scan
at this time showed left-sided pleural effusion but no signs of aortic
disruption, and the orthopedic stabilization was regarded as ade-
quate. The patient was treated for suspected pneumonia and could
be discharged with oral antibiotics. Two weeks later, she presented
to the hospital with symptoms of major bleeding and hemoptysis.
The patient suffered a cardiac arrest due to hemodynamic instabil-
ity, but could be resuscitated and was intubated. A new CT scan at
this time showed continued left-sided pleural effusion and a wid-
Fig 1. Saccular thoracic aortic aneurysm in a 56-year-old
to the detection of the aneurysm; (A) axial view and (B) c
Arrow, Aneurysm; LS, left subclavian artery.
Fig 2. The spinal column before (A) and after (B) corr
extensive thoracolumbal deformity that was straightene
elongation of the column.ening of the aorta at the level below the stent graft, which was notpresent at the previous CT scan, as well as periaortal swelling with
sign of extravasation. There was no sign of interaction between the
orthopedic hardware and the aorta explaining the aortic damage.
Three-dimensional reconstruction of the aorta with centerline
measurement showed that the aortic segment between the lower
margin of the stent graft and the origin of the celiac trunk had been
prolonged from 71 mm to 96 mm, thus, resulting in a 35%
elongation of the aorta in this segment (Fig 3), with a subsequent
rupture of the previously undamaged aorta at this level. The
rupture was treated with a distal extension of the existing stent
graft with a 28  100 mm Gore TAG stent graft. The patient was
hemodynamically stable thereafter but did not regain conscious-
ale with a history of motor vehicle accident 30 years prior
l right posterior view of 3-D reconstruction of the aorta.
surgery on anteroposterior chest radiograms. Note the
ing scoliosis surgery (black lines) resulting in a markedfem
raniaection
d durness. A postoperative CT scan of the brain showed major swelling
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spinal correction surgery. Centerline measurement of the distance between the distal end of the stent graft and the
origin of the celiac trunk (the S-A distance onA and B) showed an elongation of this aortic segment from 71 to 96 mm.
Note the straightening of the shape of the descending aorta after scoliosis surgery (B) compared with before (A), and
the widening of the distal stent graft at the site of rupture (B).
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patient eventually deceased due to major ischemic brain damage in
relation to the initial hemodynamic instability.
STRESS ANALYSIS
To analyze the mechanism for rupture after elongation
of the aorta, a generalized stress analysis by means of finite
element method was performed (MARC Mentat 2005r3;
MSC Software, Santa Ana, Calif) (Fig 4). In this analysis, it
was simulated that an elastic tube with a 2 mm wall thick-
ness (representing the aorta) with a steel tube placed inside
proximally (representing the thoracic stent graft) was ex-
posed to 35% strain force. An analysis of the equivalent and
shear Cauchy stress showed that the maximum stress force
was at the transition zone between the stent graft and
normal aorta.
DISCUSSION
Described aortic complications of scoliosis surgery
include perioperative perforation of the aorta during
instrumentation as well as late aortic perforation due to
erosion of the aortic wall by the pedicle screws used in
spinal fixation.6 Successful endovascular treatment of
such complications have been reported.6 Elongation of
the spinal column and the subsequent stretch of the aorta
is a known fact and a natural result of corrective surgery
for scoliosis. In patients with thoracic scoliosis, the aorta
is normally placed more laterally and posteriorly com-
pared with the descending aorta in a normal population.
The position of the thoracic aorta in relation to the
Fig 4. A generalized stress analysis by means of finite ele
Ana, Calif). Simulation of an axially split aorta modeled
end of the stent, the aorta will be subjected to a higher
modelled stent. The equivalent Cauchy stress (effective v
value along the edge.vertebral bodies changes after corrective spinal surgery,with an antero-medial movement of the aorta in relation
to the vertebral bodies.7,8 The repositioning of the aorta
can in rare cases result in the superior mesenteric artery
(SMA) syndrome, where the duodenum is obstructed
between the SMA and the aorta as a result of the acute
angulation of the SMA from the aorta after surgery.9
Normally, the morphologic changes of the aorta after
spinal corrective surgery are well tolerated, as the move-
ment and elongation of the thoracic aorta is evenly
distributed over the full length of the vessel. As shown in
the stress analysis model, the placement of an endovas-
cular stent graft affects the arterial wall compliance,
resulting in a concentration of stress forces at the transi-
tion zone between the rigid stent graft and normal aorta.
This transition zone between the stent graft and normal
aorta is, thus, highly vulnerable in presence of strain
forces eg, due to elongation of the aorta after scoliosis
surgery. The fact that the rupture took place 2 months
after the scoliosis surgery was the effect of prolonged
stress on the aorta at this level.
While the effect of arterial stents on blood pressure wave
transmission and wall compliance has previously been stud-
ied,10,11 to our knowledge the risk for fatal complication due
to the combination of altered aortic wall compliance and
elongationhas not previously been reported.With the increas-
ing use of thoracic stent graft in certain young patient groups,
such as trauma patients and patients withMarfan’s syndrome,
it is of importance to be aware of the potential risks of major
manipulation of the structures adjacent to the aorta in the
method (MARCMentat 2005r3; MSC Software, Santa
Neo-Hookean material model (C10  1 MPa). At the
stress. A shear band can be seen along the edge of the
including all stress components) also shows its maximumment
with a
shear
aluepresence of a thoracic stent graft.
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This case illustrates that the presence of a thoracic aortic
stent graft may reduce the capability of the aorta to accom-
modate for extreme morphologic changes, with risk of fatal
complication as a result. Caution is warranted when pa-
tients with thoracic stent grafts are considered for surgery
that may result in such changes.
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